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摘  要 
准确评估光学元件磨削加工表面及亚表面质量，有利于减少后续以充分去除
亚表面损伤和获得低粗糙度表面为目的抛光阶段的材料去除量，从而提高光学元
件的加工效率。声发射现象是砂轮和工件表面磨削干涉作用最直接的反映，利用
声发射信号实现磨削光学元件表面及亚表面质量的预测，是提高光学元件加工效
率的有效途径。本文以 BK7 光学玻璃为研究对象，分析了磨削加工机理，提出
了一种亚表面损伤快速检测方法，采用该方法对 BK7 光学玻璃磨削加工后的亚
表面损伤深度进行了测量，提取了声发射信号特征参数并分析了特征参数与加工
质量的相关性，使用 BP 神经网络对光学元件磨削加工质量进行了预测。以下是
本论文的主要研究内容： 
1.分析了光学脆性材料磨削声发射现象产生机理，设计了针对切深、工作台
进给速度、砂轮转速等加工参数下的光学元件批量磨削加工实验，获得了相应的
声发射信号。并利用金相显微镜对磨削试件进行表面形貌采集，利用 Form 
Talysurf PGI 1240 轮廓仪对 12 种加工参数下的光学元件表面 PV 值进行了测量。 
2.研究了以“压痕断裂学”为基础的脆性材料亚表面损伤理论预测模型，分
析了光学元件氢氟酸刻蚀机理，以此为基础提出了一种结合 HF 酸刻蚀、逐层抛
光和扫描共聚焦技术的光学元件亚表面损伤检测方法，利用该方法实现了对磨削
光学元件亚表面损伤深度和形貌的快速检测，检测结果与公认的亚表面损伤理论
模型预测结果具有较好的吻合性。 
3.根据上述方法和实验手段进行批量磨削试件的表面粗糙度和亚表面损伤
深度检测，讨论了磨削加工中加工参数与光学脆性材料加工质量的关系，其中切
深变化对加工质量影响最大，工作台进给速度次之，砂轮转速的变化对加工质量
影响并不明显。 
4.研究了声发射信号特征提取技术，根据磨削加工过程特点，选择声发射信
号振铃计数、FFT 幅值、RMS 值特征作为典型声发射特征，基于 BP 神经网络建
立了声发射典型特征与表面粗糙度和亚表面深度的关系模型，实现对加工质量的
准确预测。 
 
关键词：光学元件；声发射；加工质量；磨削
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Abstract 
Accurately assessing the quality of optical components grinding surface and 
subsurface is helpful to reduce the material removal in the polishing stage which aims 
to fully remove the subsurface damage and obtain a low surface roughness, thus 
significantly improving the processing efficiency of the optical element. Grinding 
wheel and workpiece surface interference effects can be reflected directly through 
acoustic emission phenomenon. Using acoustic emission signal to predict the quality 
of optical components grinding surface and subsurface is an effective way to improve 
the machining efficiency of optical elements. In this paper, we proposed a new 
method which can detect the subsurface damage rapidly by analyzing the grinding 
mechanism, and then measured the depth of the subsurface damage of the BK7 optical 
glass after grinding process by this method. We extracted characteristic parameters of 
AE signal and then analyzed the correlation between characteristic parameters and 
processing quality. We also used BP neural network to make an intelligent prediction 
for optical element grinding quality. The main research results are as follows: 
1. We analyzed generation mechanism of the optical elements’ grinding acoustic 
emission signal, designed the batch grinding experiments for optical elements under 
cutting depth, feed rate, wheel peripheral speed and other processing parameters, then 
obtained the corresponding acoustic emission signals. We used the metallographic 
microscope to get the specimen grinding surface morphology and measured the PV 
value of the optical elements which were under 12 kinds of processing parameters 
through utilizing From Talysurf PGI 1240 surface profilometer. 
2. We studied the theoretical prediction model of brittle materials subsurface 
damage which were based on “indentation fracture study”. By Analyzing the 
hydrofluoric acid etching mechanism of the optical element, we proposed a new 
method which combined HF acid etch technology, layer by layer polishing technology 
and scanning confocal microscope technology and then used it to detect optical 
element subsurface damage. This Method can measure the depth and morphology of 
subsurface damage quickly and the detection results matched well with the results 
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predicted by the accepted subsurface damage theoretical model.  
3. We got the results of surface roughness and subsurface damage depth through 
the above detection methods and experiments, discussed the relationship between the 
machining parameters for the grinding and the processing quality of the optical brittle 
elements. For the BK7 optical glass ground by ourselves, processing quality will be 
worse when the depth of the cut gets deeper or when the feed rate increases. However 
the wheel peripheral speed has no specific influence on processing quality. 
4. We also studied the acoustic emission signal feature extraction techniques. 
According to the characteristics of the grinding process, we chose ringing counts, FFT 
amplitude, RMS as the typical acoustic emission features. Moreover, we built a model 
which can clarify the relationship between typical acoustic emission features and 
surface roughness & subsurface depth based on the BP neural network and achieved 
an intelligent prediction of machining quality. 
 
Key words：Optical elements; Acoustic emission; Machining quality; Grinding 
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